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LED 2005 illuminates 
Contributing editor Alan Mills reports
from October’s LED 2005 conference in
San Diego, California, where delegates
heard how the recently achieved record
LED flux levels have opened up a large
portion of the general lighting market to
LED penetration, at least on the basis of
cost of ownership. 
This year’s LED conference, sponsored by 
recently merged hosts Intertech-Pira, opened
with record attendances and an increased 
number of exhibitors, both presumed to be 
supported by the robust condition of this indus-
try including the generation of new applications.
Demand for high-brightness LEDs (HB-LEDs) 
continues to be in a growth mode. However, for
2004-2005 the dollar value growth rate was 
lowered to the 10% range even though it
reached the $5 billion level for the first time.
Unfortunately, growth was down from the 
25-50% range more typical of prior years, partly
due to the larger market base and partly due to
high levels of price erosion.
As the LED has improved its efficiency, it has
become the most disruptive technology for the
conventional lighting industry in the last 
80 years, and the trend can only continue.
The combination of higher LED efficiencies
being announced almost every month plus 
better luminaires being available to use them
causes additional market penetration and even
more disruption. However, only the continuation
of intense innovative efforts in a range of appli-
cation areas will assure the assimilation of white
LED lighting into the main general lighting 
market in a timely manner.The attainment of
these goals is also being assisted by the creation
and adoption of national (DOE, NGLA) and inter-
national associations and standards organisations
(ANSI, NIST, and SAE) that will ease the adoption
of LEDs into new application fields.
In a historical comparison, the situation is similar
to that for Edison trying to promote electricity
into a market where gaslight was king and to
where no infrastructure existed for the easy
introduction of the electric light. Now, it is the
same for the LED where incandescents and 
fluorescents operated by relatively high supply
voltages rule the market place and no LED infra-
structure exists. Unfortunately, the LED chip itself
is only the tip of the iceberg of resistance, with
most of the impediments to adoption being asso-
ciated with rules and application technologies.
These include standards; packaging, lighting mod-
ules, drivers, controls and illumination systems,
luminaires, easements from the construction
industry, and changes in regulations.Apart from
colour lighting and a few high-volume markets
that meet niche requirements, all of today’s high-
volume components are used to provide the con-
sumer with a wide selection of new, more effi-
cient and presumably more desirable products.
Market growth continues
In spite of these infrastructure impediments for
general lighting, the other LED markets continue
to grow and will reach $5bn in 2005 (Figure 1);
iSupply forecasts further growth to $7.5bn in
2010, with over 70% this value being HBLED use.
From 2005 to 2010, iSupply is anticipating an
average annual growth rate of just 6%. However,
if this rate is exceeded, it could push the 2010
market value to well over $8bn at a time when
the LED cost per lumen may be lower than that
of fluorescent lamps. In the view of iSupply,
starting last year an ultrahigh-brightness 
(UHB-LED) market segment developed, and this
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Figure 1. Market forecast: slowdown in growth. 
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demand alone is forecast to reach about $2.5bn
by 2010.This is approaching the HB-LED market
demand of about $3bn for the same year. For this
classification, a UHB-LED is defined as an LED
with a flux exceeding 20 lumens.This covers
many of today’s new commercial LEDs (white or
coloured) that have outputs of 40 lumens or
more (see Table 1).
Unit shipments in 2004 grew at higher rates, but
the value growth rate was trimmed by price 
erosion forced on by the extremely competitive
nature of this market segment and, in particular,
from the large number of Taiwanese manufactur-
ers vying for a share of the segment.This 
competitive pressure applies to both gallium
phosphide-based and gallium nitride-based LEDs.
However, most HB-LED market segments grew in
2004 and are still showing healthy growth rates
as we approach 2006. For the blue and white
LEDs, some of the price erosion may also be due
to a slowing in the growth of the largest demand
segment – worldwide cell-phone use – which
grew from 750 million in 2004 to an estimate of
more than 800 million units for 2005 (this is
equivalent to a worldwide selling rate of over 20
cell phones per second). Currently, this market
segment provides the greatest HB-LED demand
for display backlighting. Since it is a market in
which supply has caught up with demand, and in
which more efficient LEDs are constantly being
made available, price erosion would be expect-
ed. However, the cell-phone market will still be a
driver for LED demand for at least another
decade because, by 2115, at least half of the
world’s population is expected to own a mobile
phone! At the same time, since the installed base
is so high, the replacement market will exceed
the number of first-time buyers.
Although the mobile appliance market was the
largest application segment in 2004 and account-
ed for about 60% of the total sales of high-power
LEDs ($3.7bn), the dollar growth rates for it and
the other main market segments are expected to
be more modest through to 2010, even though
the unit demand for cell phones is expected to
reach one billion units per year by 2010. Many of
these units are destined for the large Chinese
and Indian markets.These are forecast to be
lower-cost models without all the ‘bells and 
whistles’, a factor that will reduce the average
number of LEDs used per phone and also the
total available market. It also accounts for the
low five-year growth forecasts for the largest
market segment.
However, two new high-brightness LED sub-
segments of the mobile appliance market will
buck this trend and contribute to overall growth.
These are the mobile, digital camera and phone
camera flash markets, which may keep the
mobile LED market in the number one position
until general lighting can catch up.Another
promising LED growth market is that for back-
lighting of large LCD screens for TVs and PC
monitors. Some forecasts are projecting a large
market here because the LED-lit screens offer
superior performance and eye appeal (better
contrast and superior colours) and that they will
become the final winner over plasma TVs and
CFL-lit screens.These will soon be joined by the
lighting segment, for which initial growth rates
of over 50% may be anticipated, as more and
more products can compete for general lighting
use, supported by higher efficiencies and lower
chip costs from the use of larger wafers.
The other major LED market segments continue
to be signals, rail and traffic, signage, automotive
(cars, trucks, buses and even emergency vehi-
cles), and retail and decorative lighting. But here
the growth is at a more measured rate. LEDs have
successfully penetrated the rear exterior lighting
market for cars, which reached a market value of
$260m in 2004.Automotive applications are now
migrating to interior lighting and dashboard 
illumination, with headlamp concepts being
demonstrated and the first use in headlamps
expected in 2007.With the exception of head-
lamps, these markets are expected to exhibit
only relatively modest growth over the next five
years, in the 10-15% range.
Power control
The lack of suitable low-voltage DC power out-
puts from 120 to 240VAC sources that would
match the direct current demand from LED light-
ing systems was an early failure of the LED light-
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Vendor Colour Product Name Typ Lumens
Lumileds White Luxeon V 120 
Green 160 
Red 190 
Red-orange Luxeon III 140 
Cyan 160 
Nichia White Jupiter 40 
Osram White Advanced Power 120 
Amber TOPLED 110 
Citizen Electronics White Citilight 50 
Cree White 7090 70 
Table 1. HB-LED makers, their products, and their outputs.
Automotive use
is migrating to
interior lighting
and dashboard
illumination,
with headlamp
concepts being
demonstrated
and the first use
in headlamps
expected in 2007
ing industry and probably caused a delay in 
market acceptance.Additionally, there was not
one simple solution for rapid assimilation,
because the requirements ranged from powering
an LED-based retrofit for an individual filament
bulb, to the need for different light intensities, to
the individual control of thousands of LEDs in a
large lighting system.All of these solutions need-
ed to adapt to groupings or strings of LEDs in
parallel and/or in series and a range of threshold
voltages (as low as 1.2–2.2V for arsenide/phos-
phide to about 3.5V for nitride LEDs.Additional
complications were often superimposed, such as
ambient operating temperatures (–40°C to as
much as 95°C for enclosed controls), output cur-
rent ripple (<20%), and European limits on har-
monic output, with higher operating tempera-
tures spelling rapid failure rates for standard elec-
trolytic capacitors. However, by now, many com-
panies have taken up the challenge.A range of
solutions is available, although quite often the
supply efficiencies are not above 75%. Perhaps
lulled by the comfort of the vast DC world of
electronics products, LED lighting had found
comfort in the same arena. But is this necessary?
Are broader solutions available? The answer is
yes, and direct feed solutions are appearing.
Recent developments of significance include the
designing of LEDs that will withstand higher volt-
ages and that can be driven by mains voltages
(e.g. 120V).This may enable easier LED incorpo-
ration into the general lighting infrastructure. It
is already known that wide-bandgap LEDs 
(singles or strings) can withstand high voltages
such as 120V and AC currents. So, the direct
application of mains power is not out of the
question, even though, at the lower portions of
the voltage rise and fall curve (about the first
20%), the LEDs would not be lit.
Fortunately for the LED, the possibilities of direct
AC drive have been recognized, and technologies
such as no return path and capacitive current
control (C³ LED) drivers are already available
from Lynk Labs based in Madera, California, USA.
Lynk’s solutions provide application flexibility,
including different formats for the C³ LED driv-
ers, for example, direct mains supply of 100V to
1000V at 50–60 Hz or 3–48V AC at 20–50 kHz
frequencies.The high-frequency sources have an
advantage, in that they are similar to many exist-
ing power supplies (drivers for CCFL, EL, and
halogen lamps). Using Cotco Dorado LEDs as the
light source and adjusting for equal light output,
Stewart Hough of Lynk described some of the
potential benefits of their power systems.
A C³ LED source uses about 32% less power 
(211 mA @ 3.2VAC) versus (325 mA @ 3.16VDC)
for equal light output and on an equal current
basis.An LED on C³ LED power provides about
58% more light output than on DC, which also
provides a net zero field over time, leading to no
materials migration. Other benefits also arise,
such as no phantom load on the AC line and an
ability to hot-switch the LEDs.
Some efficient commercial prototypes have
already been demonstrated, including a 4-chip
2x2 series/parallel/opposed-LED light engine and
a street lamp with twelve 1 Watt LEDs directly
connected to the mains in a parallel configura-
tion.This Lynk approach offers new and more
efficient driver possibilities to LED users.These
include easier integration into the existing infra-
structure, higher power efficiencies, reduced
thermal loading, extended usable lifetimes, more
design options, and lower installed costs.
Immediate benefits could accrue in applications
areas such as general lighting, LCD backlighting,
communications, and embedded uses such as
ship and aircraft illumination.
Also reporting AC or mains power for LED excita-
tion was Hongxing Jiang from III-N Technology
(3N-Tech), a five-year-old company located in
Manhattan, Kansas, USA. Here, the philosophy is
‘remove the controllers and make AC LEDs’
which, according to Hongxing, can easily be
done by integrating transistors with the LEDs
that lead to savings on installed costs and system
drive requirements. 3N-Tech’s LEDs (UV, blue,
green and white) are AlGaN/GaN-based and use
MOCVD and lithographic processes for their
manufacture.The company has intellectual prop-
erty that includes process and chip-level innova-
tion and phosphor technology for white LED
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Figure 2. Electroluminescence spectra of LEDs and photoluminescence spectra of phosphors. 
Recent develop-
ments of signifi-
cance include
the designing of
LEDs that will
withstand higher
voltages and
that can be 
driven by mains
voltages
manufacture.An example of the white light spec-
trum from a Kansas State University blue LED
and phosphors is shown in Figure 2, and
includes the formulae for the phosphors used.
High-voltage LEDs can interface directly with
existing electrical building infrastructure and
provide immediate return on investment, based
on many of the advantages noted above, in par-
ticular the lack of the need for a transformer, for
rectification, for a silicon chip, or for a printed
circuit board, which will reduce the infrastruc-
ture costs for these LEDs.Table 2 provides a 
technology comparison.
3N-Tech already makes the AC LEDs in 120/240V
versions, as well as custom high-voltage DC LEDs
(see Figure 3 for a schematic of a flip-chip LED).
Some obvious applications are Christmas decora-
tions, night-lights,AC power-on indicators, gener-
al solid-state lighting and military uses.AC power
is also used in another area of technology pio-
neered by Hongxing at Kansas State University,
namely to drive micro-LED arrays. Small and/or
micro-LEDs are very effective emitters and more
power efficient than the larger chips so, by
wiring the micro-arrays in series, arrays have
already been made with AC drivers of 120–140V
using aluminium, the old standby semiconductor
interconnect technology.
Technology and performance
Performance per die and/or package continues
to be increased by the leading LED manufactur-
ers, and Cree recently reported white-light effi-
ciencies for small chip LEDs in the region of 
100 lumens per watt (l/W); see Figure 4.This
value achieves about 50% of the theoretical max-
imum.This has raised the white LED to the 
status of the ‘star of the industry’. More impor-
tantly, by applying this value, the lifetimes and
efficiencies of white LEDs can be seen to
exceed those of most light sources (compact
fluorescents, metal halogen, mercury vapour,
tungsten-halogen and standard incandescent),
though not yet yellow- and high-pressure-sodium
lamps. However, even today, LEDs can compete
with high-pressure sodium streetlights on the
basis of cost of ownership.Thus only the cost
needs to be reduced and the white LED can
finally enter its long-anticipated growth position
in the general lighting arena.This will fill an
increasing range of application categories as its
cost efficiencies continue to improve as part of
the huge, on going, international product devel-
opment effort. So, perhaps it is not surprising
that, with the recently achieved levels of effi-
ciency, this is about two years ahead of the
white-light LED roadmap targets.Three critical
factors that aid the LED’s competitiveness are
the lower wattage used, the availability of an
approximate point source, and directional LED
light, which eliminates the need for reflectors as
well as the waste from 360° sources.Today, it is
important to note that some of the most effi-
cient LEDs also include a lens that is an integral
part of the package.According to John Perry of
Cree, high-power white LEDs have now reached
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Figure 3. Schematic of 3N’s flip-chip bonded LED. 
Figure 4. The white LED is the new star of the industry: the power chip LED performance (in
lumens/Watt) is competitive with incandescent and some compact fluorescent lamps (CFLs);
small-chip white LED devices exceed the efficacy for compact fluorescent and metal halides;
LED performance continues to improve year on year.
Specification 3-N LEDs Most Other LEDs
Operating Voltage AC or DC DC only and require power conversion
for AC operation
LED Architecture Single or Need Multiple LED Chips for High Voltage
Multiple Chip AC or DC Operation
Table 2. LED Drive Technology Comparison
Cree recently
reported white
light efficiencies
for small chip
LEDs in the 
100 lumens per
watt (l/W) range 
Few people were
aware that a 
50 l/W amber
LED with its
directional light
beam and an
80% utilization
efficiency could
have a lighting
efficiency of 
40 l/W, equiva-
lent to a 100 l/W
HID lamp with
radial emission
and a typical
40% lighting
efficiency
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a very exciting efficiency level and “are poised
for adoption into today’s general illumination
market”. Nevertheless, the drive for cost reduc-
tion continues, as shown in Figure 5.
Nichia was the originator of nitride-based blue,
green and white LEDs and blue lasers.
Drake Stallions, sales manager for Nichia
America, presented the company’s roadmap for
future LED growth and performance. From its
early lead in the development of the technolo-
gy, it is easy to understand why Nichia is still
the world’s largest manufacturer of InGaN LEDs
and last year achieved milestone sales of over
200 billion yen ($2bn) (see Figure 6).This value
is expected to grow by about 10% to over
$2.2bn in 2005. Other divisions of the company
manufacture a range of phosphors (for TVs,
monitors and LEDs) as well as speciality chemi-
cals.To keep these growth rates sustained,
Nichia has an ambitious internal roadmap for
efficiency improvements in standard packages
that includes 80 l/W in 2006 and 100 l/W by
2009, and for power packages of 75 l/W in 2007
and 100 l/W by 2010 (see Figure 7). Most of the
near-term increase in market growth is expect-
ed to come from the lighting and automotive
segments, which are growth markets, rather
than from the more mature display and mobile
appliance segments.This will be supported by
Nichia’s mid-power series, the Riegel (150 mA)
0.5 W LED, which comes in a range of ‘shades’
of white, with reverse current and ESD protec-
tion plus 50,000 hour lifetimes to 78% output
(at ambient temperatures of 25°C). In 2006
Nichia plans to add a 40 l/W Riegel (350mA).
Drake also announced a new ‘Kirameki’ series of
‘very high-power’ LEDs for automotive head-
lamps and other such applications, which should
be available in the 2006-2007 time frame.The
first will be a 200 lumen (5.5 W, 700 mA) version
with a thermal resistance of 6°C/W, to be fol-
lowed by an 11 W version with an even lower
thermal resistance of 3°C/W and a maximum
junction temperature of 150°C.To attain these
low thermal resistances, the die are mechanically
attached to the heat sinks.
Closely allied with the automotive industry
through its major investor (Toyota) is Toyoda
Gosei. It offers a wide range of package and
mounting alternatives, many of which have auto-
motive applications. On-going development pro-
grammes cover its product range of violet, blue
and white LEDs. Using a proprietary blend of
phosphors for its violet emitters (395nm), the
company claims to have developed its most sta-
ble and consistent white LED chips. In keeping
with other leading LED suppliers,Toyoda also
has a 1 mm, 40 l/W chip for UHB/HB 
applications and expects a second-generation
chip, producing 80 l/W, to be available next year.
Even with today’s state-of-the-art developments,
no two LEDs are alike, and Toyoda utilises more
stringent binning (along the Plankian Locus) to
supply more uniform output LEDs for future
applications.Also, its internal data indicates that,
to get better interchangeability between suppli-
ers, new international metrics or de facto stan-
dards may be required, even to the extent of
defining what constitutes a blue LED (since no
two are alike). Outdated tools are used today,
therefore such novel ideas as agreeing to a defi-
nition of a white LED, or NEMA (the US National
Electrical Manufacturers Association) consider-
ing a ‘Colour Quality Index’, or packaging LEDs
in a thermos, could be future winners for LED
lighting.
On the basis of analytical data,Toyoda Gosei has
determined that the widely used YAG:cerium
phosphor was not an ideal choice for blue LED
excitation and that its white-light output power
and its chromaticity and colour rendition will
vary widely due to changes in such variables as
the emitting wavelength, excitation wavelength,
and interparticle reflectance.Therefore, to obvi-
ate theses variations and to better match the LED
excitation, Bill Kennedy reported on Toyoda
Gosei’s development of a new boroxysilicate
phosphor which has a more stable ‘white’ output
and a broader emission spectrum, and which is
Figure 5. The drivers for white LED cost reduction: wafer diameter; quantum efficiency; and
LED current density. HB-LEDs are making the value proposition possible to replace conventional
lighting sources.  
therefore a better match for excitation by the
460nm (blue) LED radiation. Other challenges
included the development of a new family of
phosphors for the violet emitters to produce 
better RGB (red-gree-blue) white colours.To 
continue their quest for improved lighting effi-
ciency, Kennedy indicated that key focuses for
future Toyoda Gosei’s development would
include ‘epi refinement, die evolution and pack-
age revolution’.
Philips Lighting, which is one of the world’s
largest general lighting and luminaire manufac-
turers, presented some future scenarios for the
LED, spanning niche lighting markets to the
large, general lighting arena. In new product
design for all markets, it will now consider a
wider use of creativity, a redefinition of lighting
possibilities, the use of coloured surroundings,
imaginative effects, the creation of an atmos-
phere rather than the use of bulbs, and will
involve the benefits of long life as well as shock
and dust resistance.All these benefits lead to an
ambience creativity that is exclusive to LEDs,
some of which are already being used in many
retail and consumer locations. Philips, through
its Lumileds subsidiary, has recently consolidat-
ed its LED position by buying out its former
partner (Agilent Technologies) in anticipation of
a very promising future for this industry.
In payback analyses provided by Keith Scott,
Philips’ Business Development Manager, applica-
tion models were illustrated for Luxeon-type
white UHB-LEDs based on pricing of $0.03-0.05
per lumen, using three LED colour temperatures
(3200 K, 4100 K, and 5500 K) and three power
ratings (32 l/W, 40 l/W and 50 l/W). In some
cases, minimal paybacks were found in the first
year. However, under most conditions, good 
5-year paybacks were achieved, ranging from
$50 to $173 per LED lamp. Scott also schemati-
cally illustrated a key factor; that few people in
the industry are aware that a 50 l/W amber LED
with a directional light beam and an 80% utilisa-
tion efficiency can have a lighting efficiency of
40 l/W, which is equivalent to a 100 l/W HID
lamp with radial emission and a typical 40%
lighting efficiency.This type of understanding
will be a necessity if LEDs are going to be wide-
ly accepted by customers for rapid assimilation
into their lighting systems. Low-level LED light-
ing should be a winner today for applications
such as reading lamps, table lamps, background,
under- or over-cabinet lighting, jewelry and
crystal illumination, where point sources are an
advantage and in locations where byproduct
infrared or ultraviolet radiation is undesirable
(such as museums and food-lighting areas).
So, where the lighting can be focused on the
subject area required and where high wattages
are not be necessary for ‘short throw distances’,
for the time being the LED should already be a
winner.Where general lighting is concerned,
the recently achieved LED flux levels reported
at this year’s LED 2005 conference, including
the potential paybacks noted above, have now
opened up a large portion of this market to LED
penetration, at least on a cost of ownership
basis.
The era of the LED is just around the corner.
Readers interested in a follow-up should make a
note of the LED 2006 conference on their 
calendar for an October trip to San Diego! 
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Figure 7. Nichia’s ambitious internal roadmap for luminous efficacy improvements in standard
packages: 80 l/W in 2006 and 100 l/W by 2009; power packages of 75 l/W in 2007 and 100
l/W by 2010, 
Figure 6. Nichia’s sales results (billions of Yen), including the years when blue, green and
white LEDs were launched. 
